Objective: To measure the cognitive consequences of incident Alzheimer disease (AD) in older African American and white subjects.
those diagnosed with MCI and AD and compared them to rates in persons with no cognitive impairment. Because there are limited data on cognitive function in African American persons with AD, [4] [5] [6] we also examined whether diagnostic effects differed by race.
METHODS Participants. The Chicago Health and Aging
Project is a longitudinal study of aging and AD in a geographically defined community on the south side of the city. [7] [8] [9] [10] The area was censused beginning in 1993; persons aged 65 years or older were asked to take part in an in-home interview, and subsequently persons turning 65 were invited to participate. A stratified random sample of interviewees underwent a detailed clinical evaluation. About 3 years later, the interview of the full population was repeated and a detailed clinical evaluation was done on a stratified random sample of persons deemed free of dementia in the previous wave of data collection. These 2 elements (interview of population, clinical evaluation of persons previously deemed dementia-free) were repeated at intervals of about 3 years, with the fifth wave of data collection in progress at the time of these analyses.
Eligibility for the present analyses required a completed clinical evaluation from those previously deemed dementia-free and a valid global cognitive score from the corresponding population interview and at least one subsequent population interview. If individuals were sampled for more than one clinical evaluation, we used the earliest to maximize the follow-up period. Of 2,229 persons invited to a clinical evaluation in the second, third, or fourth waves of data collection, 168 died prior to the evaluation and 1,561 (75.7% of survivors) completed it. Another 102 people died before the next population interview, leaving 1,459 eligible for follow-up, of whom 1,168 (80.1%) had follow-up cognitive data. They had a mean age of 78.7 years (SD ϭ 5.4) and a mean education of 13.1 years (SD ϭ 3.5); 63.3% were women and 49.3% were African American. They were followed for a mean of 5.5 years (SD ϭ 2.5).
Standard protocol approvals, registrations, and patient consents.
The Chicago Health and Aging Project was approved by the Institutional Review Board of Rush University Medical Center. Written informed consent was obtained from all participants.
Clinical evaluation. The clinical evaluation followed a uniform protocol that has been described in this 7, 8, [11] [12] [13] and other [14] [15] [16] [17] cohorts. It included a structured medical history, complete neurologic examination, and administration of a battery of 20 cognitive function tests. A neuropsychologist reviewed the cognitive test results and rated impairment in 5 cognitive domains (orientation, attention, memory, language, visuospatial ability). To minimize random variability in these determinations, we developed educationally adjusted cutoff scores for 11 of the tests and an algorithm for deriving impairment ratings for the 5 cognitive domains. 17 The neuropsychologist reviewed these algorithmic ratings in conjunction with scores on the remaining 9 cognitive tests, education, occupation, and sensorimotor and motivational ratings before rendering final judgments about each cognitive domain. Based on these ratings, review of all clinical data, and examination of the participant, an experienced physician diagnosed dementia and AD following the guidelines of the joint working group of the National Institute of Neurological and Communicative Disorders and Stroke/Alzheimer's Disease and Related Disorders Association. 18 Dementia required a history of cognitive decline and impairment in at least 2 cognitive domains, one of which had to be memory to meet AD criteria, as reported elsewhere. 7, 8, [10] [11] [12] [13] [14] [15] [16] [17] Those who met AD criteria and had another condition judged to be contributing to cognitive impairment were included in primary analyses.
Individuals who had impairment in 1 or 2 cognitive domains but did not meet criteria for dementia were classified as MCI. Persons meeting these MCI criteria have been shown to have intermediate levels of mortality, 13, 17 cognitive decline, 17, 19 and plaques, tangles, and cerebral infarction 20 compared to no cognitive impairment and dementia subgroups.
Cognitive function assessment. Four brief performance
tests of cognition were administered as part of each population interview. Immediate and delayed recall of 12 ideas contained in the East Boston Story assessed episodic memory. 21, 22 Perceptual speed was assessed with the oral version of the Symbol Digit Modalities Test. 23 The Mini-Mental State Examination 24 assessed global cognition. In a previous factor analysis, all 4 measures loaded on a single factor that accounted for 74% of the variability in the individual tests. 25 For this reason and because of the importance of minimizing floor and ceiling artifacts in longitudinal analyses, we used a composite index of global cognition based on all 4 individual measures. As previously described, raw scores on individual measures were converted to z scores, using the mean and SD in the full population at baseline, and the z scores were averaged to yield the composite. 9, 10, 25 It was treated as missing if more than 2 component scores were missing. Data analysis. We used mixed-effects models 26 to characterize change in the composite measure of global cognition. All models included terms to control for the potentially confounding effects of age, sex, and education, and either adjusted for or stratified by race. Analyses focused on cognitive change in persons after they underwent clinical evaluation by multiplying each variable by study time. Persons without evidence of cognitive impairment were treated as a reference group that was contrasted with MCI and AD subgroups. To test whether cognitive trajectories associated with MCI or AD differed by race, we conducted a second analysis with terms for the interaction of race with each diagnosis and multiplied by study time. We subsequently tested for interactions by age and sex. Analyses were weighted to the full Chicago Health and Aging Project population and variances were corrected for the sample design using jackknife variance estimation.
RESULTS
A total of 1,168 individuals completed the detailed clinical evaluation and had follow-up cognitive function data: 614 had no evidence of cognitive impairment, 395 had MCI, 149 had AD, and 10 had other forms of dementia. Because there were few other dementia cases, they were excluded from analyses. As shown in table 1, those with AD were older, less educated, and more apt to be African American than those without cognitive impairment. The level of dementia in this incident AD group was mostly mild, with 88.5% having a Mini-Mental State Examination score Ͼ17, a cutoff sometimes used to designate mild AD. 27 We constructed mixed-effects models to assess change in cognitive function following the clinical evaluation. All models controlled for age, sex, educa-tion, and race. To make use of all cognitive data, the composite measure of global cognition was used in analyses. Baseline scores ranged from Ϫ3.08 to 1.48 (mean ϭ 0.24, SD ϭ 0.60), with higher values indicating better cognitive function.
In the initial analysis, the global cognitive score declined a mean 0.042 unit per year in those without cognitive impairment, as shown by the term for time for model A in table 2. Those with MCI had a lower level of cognition at baseline than those without cognitive impairment, by definition, and they declined a mean of 0.045 unit faster per year during follow-up, a more than twofold increase. Those with AD had a much lower level of cognition at baseline than the no cognitive impairment group, and they declined a mean of 0.132 unit faster during follow-up, more than 4 times the rate of cognitive decline in the no cognitive impairment group and twice the rate in the MCI group. Thirteen people with AD had another cognition-impairing condition (11 stroke, 1 alcohol, 1 brain tumor). Excluding these individuals did not affect results (table 2, model B).
The figure shows the predicted 6-year paths of cognitive decline for each diagnostic group. Decline is negligible in the no cognitive impairment group, gradual in MCI, and substantial in AD.
To test whether race modified the relation of diagnosis to cognitive decline, we repeated the analysis with terms added for the interactions of race with MCI and AD. The addition of these terms did not improve overall goodness of model fit, however, indicating that the cognitive consequences of MCI and AD did not reliably differ by race. In subsequent analyses, results did not vary by age or sex either.
DISCUSSION
In a biracial urban community, individuals classified as having no cognitive impairment, MCI, or AD completed brief tests of cognitive function at 3-year intervals for up to 11 years. Compared to persons found to have no cognitive impairment, rate of cognitive decline during follow-up increased approximately twofold in MCI and fourfold in AD. The differences in rate of cognitive decline between AD and MCI underscore the clinical relevance of the progression to dementia. While MCI and dementia clearly exist on a continuum, the accelerating cognitive deterioration in dementia is highly relevant to clinicians counseling patients and families with dementia.
Progressive decline of cognitive function is the primary clinical manifestation of MCI and AD, but as noted above, quantification of this key disease consequence has proven difficult. The only previous population-based study of which we are aware found, like the present study, rapid cognitive decline in AD at about twice the rate seen in a subgroup with prodromal AD, with little to no decline evident in unaffected persons. 28 Similarly, in 2 previous longitudinal cohort studies, cognitive decline was increased in MCI relative to no cognitive impairment, 17, 19 with an approximate doubling of the rate in 1 study. 17 Overall, therefore, the present results confirm in a population-based setting the deleterious cognitive consequences of AD and its precursor, MCI, and provide quantitative estimates of the size of these effects.
In this population, we found no evidence of racial disparities in the cognitive consequences of MCI or AD. This is consistent with an earlier report of com- parable mortality in affected African American and white subjects from this population. 13 A previous study found reduced global cognitive decline in affected black persons compared to affected white persons, 5 but in 2 other studies, this effect was only observed in a subset of cognitive outcome measures. 4, 6 This inconsistency may be due in part to the selected groups that were studied, making it difficult to form comparable subgroups of African American and white subjects, and the small number of African American participants (Ͻ130 per study). Age was not related to rate of cognitive decline in the incident AD group. This is consistent with previous population data. 28 By contrast, studies of persons identified in clinical settings have tended to find more rapid decline in younger affected persons, 22, 29, 30 possibly due to age-related differences in factors that bring affected people to medical attention 22, 30 or to the inclusion of persons under the age of 65. In addition, gender was unrelated to cognitive decline in AD, consistent with previous studies in clinical settings. [31] [32] [33] This study has several strengths. Participants were sampled from a geographically defined population. Clinical classification of MCI and AD was based on a structured uniform evaluation and widely accepted criteria applied by an experienced physician. The availability of a previously established composite measure of global cognition collected at regular intervals for up to 11 years with high follow-up participation enhanced our ability to reliably quantify individual differences in cognitive decline.
Several limitations should be noted. The robust difference between black and white participants in level of cognitive function complicates racial comparisons of rate of cognitive change, making it difficult to rule out the possibility of small racial differences in cognitive decline. All analyses were based on a single global cognitive outcome. Although it was able to accommodate wide individual differences in cognitive ability, differences in measurement sensitivity across the ability spectrum could have affected results. Also, results might vary across cognitive domains, and nonlinear models might improve estimation. For these and other reasons, multiple studies will be needed to securely determine the cognitive impact of AD. Finally, including prevalent cases of MCI may have introduced error into the estimate of decline in that group because change prior to study onset is unknown.
